1 0/519766 

DTI 2 Rec'd PCT/P7Q 2^JDEC 2004 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Bernd SCHULTHEIS 

Holger KOBRICH 
Marcel ALBUS 

Title: PRINTING DEVICE 

Based Upon: PCT/EP2003/006090 

Express Mail No.: EV5 1206343 OUS 

Date of Deposit: 22 December 2004 

Customer No . : 42419 



TRANSMITTAL OF SUBSTITUTE SPECIFICATION 

Mail Stop PCT 

Commissioner for Patents 
P.O. Box 1450 

' Alexandria, VA 22313-1450 
Dear Sir: 

Applicants have enclosed a Substitute Specification attached to a red ink 
marked-up copy of the verified English language translation of PCT International 
Application PCT/EP2003/006090. The red ink identifies changes to the verified 
English language translation which are incorporated in the Substitute Specification. 

The Substitute Specification includes general revisions to correct 
idiomatic translational errors and to provide proper headings. The undersigned states 
that the Substitute Specification contains no new matter. 



VO-713 



1 



P1007/csh 



1 0/519766 



DT12 Rec'd PCT/PT0 2 8 DEC 2004 



Based Upon: PCT/EP2003/006090 



Applicants sincerely believe that this Patent Application is now in 



condition for prosecution before the U.S. Patent and Trademark Office. 



Pauley Petersen & Erickson 
2800 West Higgins Road; Suite 365 
Hoffman Estates, Illinois 60195 
TEL (847) 490-1400 
FAX (847) 490-1403 



Respectfully submitted, 




Douglas H. Pauley ^ 
Registration No. 33,295 



VO-713 



2 



P1007/csh 



1 0/519766 

DT12 Rec'ef PCT/PT0 2 8 DEC 2004 

Based Upon: PCT/EP2003/006090 
Customer No.: 42419 



SUBSTITUTE SPECIFICATION 



P 1 008/csh 



1 0/519766 

DT12RecUPCT/PT0 2 8 DEC 2004 

Based Upon: PCT/EP2003/006090 
Customer No.: 42419 



PRINTING DEVICE 



1 



I/clb 



Based Upon: PCT/EP2003/006090 
BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a printing device with an electro-photographic 
print unit, to which a transfer medium for transferring a toner powder to a substrate 
in a transfer zone is assigned, wherein the substrate can be conducted through the 
transfer zone by a transport system, and heat energy can be introduced into the 
substrate by one or several heating elements. 

Discussion of Related Art 

A printing device is known from United States Patent 5,988,068. There, 
an endlessly revolving belt is assigned to an electro-photographic print unit as the 
transfer medium. A photoconductor rolls off on the belt for transferring an image 
made of toner powder. The toner image can be applied to a substrate. The substrate 
is moved beyond the transfer medium by a transport system. The transfer medium 
rolls off the substrate surface to be imprinted. For improving the toner transfer, 
United States Patent 5,988,068 proposes the employment of two heating elements. 
The first heating element heats the substrate to a temperature higher than 60°C. The 
second heating element acts on the transfer medium at a temperature higher 
than 100°C. 

This arrangement is disadvantageous because with printing with ceramic 
toners, residue from the toner adheres to the transfer medium which, because of the 
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Based Upon: PCT/EP2003/006090 
doughy consistency, is hard to remove at this temperature, or cannot be completely 

removed. Also, during constant operation, heat is introduced into the electro- 
photographic print unit via the transfer medium which results in lesser image quality. 

SUMMARY OF THE INVENTION 
It is one object of this invention to provide a printing device of the type 
mentioned above but which has an improved toner transfer from the transfer medium 
to the substrate. 

This object is achieved with a cooling device assigned to the transfer 
medium, which removes heat from the transfer medium. Because of the cooling of 
the transfer medium, the toner powder does not adhere to the surface of the transfer 
medium after transfer to the substrate is completed, but instead is released almost 
completely during the transfer. The introduction of heat into the print unit, in 
particular at the sensitive photoconductor, is also prevented by the cooling, or is at 
least minimized to an acceptable degree. 

In accordance with one embodiment of this invention, near the transfer 
zone formed with the substrate, the transfer medium has a lower temperature at least 
in the area of or near the contact face, than the surface of the substrate. It is assured 
that the flow of heat can occur at most from the substrate to the transfer medium. 
Then the cooling device removes this heat in a controlled manner, at least in the 
greatest part. 
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Based Upon: PCT/EP2003/006090 
In accordance with this invention, the cooling device cools the 

temperature of the transfer medium to a temperature < 60°C. The temperature 

preferably is less than 40°C. At these temperatures the transfer medium is not heated, 

even during constant operation, so that the toner powder reacts with the surface of the 

transfer medium. The toner transfer can also be assisted if the toner transfer in the 

transfer zone can be affected by one or several coronas during which electrostatic 

forces act on the toner powder. For example, it is possible to arrange coronas over 

large areas upstream and/or downstream of the transfer zone. These then charge the 

substrate. Alternatively, or additionally, the substrate can also be placed on a 

conductive base. In contrast to negatively charged toners, the toners are then 

positively charged. With positively charged toners then correspondingly negatively 

the charge voltages can be reduced in an advantageous manner so that negative field 

effects, such as with an exclusive toner transfer created by electrostatic fields, no 

longer occur. 

An additional improvement of the toner transfer can be achieved if on 
a surface which receives the toner powder the transfer medium has an anti-adhesive 
layer with a surface energy within the range of 15 mN/m to 30 mN/m. 

It is possible to use a Teflon coating within the range of 1 8 to 20 mN/m. 
In this case the anti-adhesive layer should have a layer thickness in a range between 
1 and 100 jam, preferably 5 to 50 urn. A particularly effective heating of the substrate 
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Based Upon: PCT/EP2003/006090 
can occur if the substrate can be charged with heat energy by a heating element 

designed as an infrared radiator and/or a hot air blower and/or by the application of 

a flame. The substrate should be heated in a temperature range between 80°C and 

200°C. In a preferred manner, the surface temperature of the substrate in the coating 

area is set to more than 100°C to 170°C. In this case, the temperature should be set 

as a function of the toner used. Tests with ceramic toners having a solids component 

(pigments, glass frit) of 50 to 70% show that a surface temperature of the substrate of 

120°C to 150°C is particularly advantageous. Following the conclusion of the 

transfer, the toner powder should melt onto the substrate. If the toner powder is 

completely melted, a subsequent fixation can possibly be omitted. 

On one hand, the print medium can consist of a matrix of thermoplastic 
material, into which organic or inorganic color pigments and/or glassy paste particles 
can be introduced for coloration. 

In another case, the plastic matrix is of a mixture of hardening and 
binder resins, or of polymers which, at temperatures > 100°C, are reacted to form 
thermosetting, such as spatially cross-linked, structures, into which again organic or 
inorganic color pigments can be introduced for coloration. 

Also, other additives can be contained in it, such as conductive particles 
or particles of mechanically resistant material, for example, which later result in an 
electrically conductive coating or a protective layer against scratches, for example. 
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Based Upon: PCT/EP2003/006090 
Matched to the substrate to be imprinted, it may be necessary to 

maintain the substrate temperature as low as possible, particularly in connection with 

temperature-sensitive plastic substrates or with glass which is less resistant to 

temperature changes. In this case it is necessary to adapt the plastic matrix of the 

print media so that the softening point of the matrix is also lowered. This is of 

particular interest when, in the case of additives such as ceramic pigments or glass 

paste particles, the softening temperature rises with an increased proportion of solids 

in the plastic matrix. 

Some examples of toners with ceramic color and glass paste additions 

include: 

Toner 1: Proportion of solids 44 wt-% and Softening 
temperature of 98°C; 

Toner 2: Proportion of solids 58 wt-% and Softening 
temperature of 104°C; 

Toner 3: Proportion of solids 71 wt-% and Softening 
temperature of 1 13°C. 
A reduction of the softening temperature in case of an increased 
proportion of solids is provided, on the one hand, by adding polymer additives, such 
as wax, or by using a different low-melting plastic matrix. 

The indicated softening temperatures relate to measurements by a 
Shimazu viscosity measuring device Type CFT-500 c. 
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Measuring conditions: 

Supported weight 1 0 kg 

Nozzle diameter 0.5 mm 

Nozzle length 1 mm 

Plunger surface 1 cm 2 

Start temperature 80°C 

Heating rate 3 k/min. 

To achieve a control of the substrate temperature, a temperature sensor 
can be assigned to the substrate, and the heating element and/or the transport system 
can be controlled by a control device as a function of the signal emitted by the 
temperature sensor. 

In this case the temperature can be regulated by acting on the transport 
system via the retention time of the substrate in the heating zone, or via the speed of 
its passage. 

Regulation preferably occurs when the substrate enters the transfer zone 
at a constant surface temperature. During the transfer, the substrate surface should 
be evenly heated. 

To achieve an effective heat regulation of the transfer medium, one or 
several liquid-cooled contact rollers of the cooling device roll off on the transfer 
medium and/or a climate-controlled air flow is directed onto the surface of the transfer 
medium. 
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It is also possible for the transfer medium to be a transfer roller which 
contains at least a portion of the cooling device. Thus the cooling device can also 
contain one or several Peltier elements. Alternatively or additionally, the transfer 
roller can also be water-cooled or air-cooled. 

If the cooling device removes heat energy from the transfer medium 
downstream of the transfer zone and upstream of the photoconductor of the print unit 
in the transport direction of the transfer medium, then the introduction of heat into the 
photoconductor is reliably prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is explained in greater detail in view of an exemplary 
embodiment represented in the drawings, wherein: 

Fig. 1 shows a printing device in a schematic representation; 

Fig. 2 shows a transfer medium with an associated cooling device, in 
a schematic representation; and 

Fig. 3 shows a transfer medium with interior cooling, in a schematic 
representation. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

A printing device with an electro-photographic print unit 30 is 
represented in Fig. 1 and has a cylinder-shaped photoconductor 32 with a uniform 
charge on a surface in a charge station 31.1. This charge is then partially removed 
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Based Upon: PCT/EP2003/006090 
again in a subsequent discharge station 31.2. A developer unit 33 applies toner 
powder to the charged areas of the surface of the photoconductor. The toner image 
thus developed is transferred to a transfer medium 34 in a transfer zone. The basic 
structure of the transfer medium 34 designed as a transfer roller is shown in greater 
detail in Fig. 2, where the transfer medium 34 has a roller base body 34. 1 . A resilient, 
electrically semi-conducting intermediate layer 34.2 is applied to the roller base body 
34.1. This can contain, for example, silicon, EPDM or polyurethane. An anti- 
adhesive coating 34.3 is arranged indirectly or directly above the intermediate layer 
34.2 and forms the roller surface. 

As Fig. 1 shows, a transport system 10 is arranged below the transfer 
medium 34 and has a number of roller bodies, on which a substrate 13 can be 
conveyed. The transport system 10 is arranged so that the transfer medium 34 rolls 
off on the surface of the substrate 1 3 to be imprinted. In the process, the toner powder 
on the transfer medium is transferred to the substrate 13. To assist the toner transfer, 
a corona 12 is integrated into a roller body of the transport system 10, which is 
arranged directly underneath the transfer zone. 

One or several heating elements 24 each is arranged upstream of the 
transfer medium in the transport direction of the substrate 13 and acts on the surface 
of the substrate 13 to heat it evenly to a temperature within the range between 100°C 
and 170°C. One or several temperature sensors 21 are arranged between the heating 
elements 24 and the transfer medium 34 for monitoring the temperature and emit a 
VO-713 9 I/ clb 



Based Upon: PCT/EP2003/006090 
temperature signal to one or several regulating devices 22. Each regulating device 22 
reads in a predetermined value via a control device 23. The predetermined value is 
compared with the temperature signal in a comparator circuit. The heating elements 
24 can be adjusted in the event of a temperature difference. The transport speed of 
the transport system 10 in the area upstream of the transfer medium 34 can also be 
regulated. Thus the substrate 13 always enters the transfer zone with an 
approximately constant surface temperature. 

A cooling device 35 is assigned to the transfer medium 34 and has one 
or several water-cooled rollers, which are in surface contact with the transfer medium 
34. The rollers are connected with a heat-regulating unit 36, which removes heat 
energy from the transfer medium 34. The water coming from the rollers is conducted 
to the heat-regulating unit 36 via a circulation system and is cooled in the temperature 
unit 36, and then returned back to the rollers. 

A further embodiment of a cooling device 35 is represented in Fig. 2 
and has an air supply conduit 35.1. A gaseous cooling medium, preferably air, can be 
blown through the air supply conduit 35.1 onto the surface of the transfer medium 34. 
The air removes heat energy from the transfer medium 34. The heated fluid flow can 
then be aspirated off again via an air-return conduit 35.2. The air-return conduit 35.2 
prevents the creation of gas flows outside the cooling zone, which can lead to damage 
to the toner image maintained on the transfer medium 34 or the photoconductor 32. 
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Based Upon: PCT/EP2003/006090 
In a further embodiment, the core of the transfer roller can be of a 

material of good heat conductivity, such as copper, aluminum or ceramic materials, 

such as SiC or Si3N4, for example, and is possibly provided with cooling ribs, such 

as represented in Fig. 3, and is cooled by an air flow through the interior of the 

transfer roller. The core is coated with a flexible material of 1 to 2 mm thickness and 

of good heat conductivity, such as PTFE, FPM, silicon, or PUR plastic material filled, 

for example, with glass or a mineral material, for example. 

A transfer belt with an interior blower can also be used so that cooling 
of a large area by a relatively small air flow is possible. 

It is advantageous if zone heating is provided over the print width so 
that the heat output in each of the edge areas is regulated separately from the center 
zone. This has one advantage, that the surface temperature can be better controlled 
over the print width and thus the temperature can be constant over the print width and 
can be improved. Thus, respective individual control devices 22 and temperature 
sensors 21 are assigned to each zone heating element. In this case the temperature 
sensors 2 1 advantageously are of pyrometers which detect the surface temperature of 
the substrate 13. A temperature constant of ± 5 K should be attempted. 

A further embodiment provides that the substrates to be imprinted are 
heated in a separate, upstream-located temperature process. This takes place, for 
example, in a continuous throughput oven with ambient air heaters. 
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